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magnetic energy in the case of permanent steel magnets as well
as that due to ordinary voltaic currents, or to displacement
currents.

Erom this result we infer by the analogy between electric and
magnetic force contained in equations (27), (27') above, the
existence of the electric energy stated in (35).

This expression for T may also be found as follows. By the
theorem, p. 113 above, as to the work done in carrying a unit
pole in a closed path round a circuit, we have
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where the integration is taken round any closed path embracing
the chosen circuit, Hfc is the magnetic force due to the current
in that circuit, and Bic the angle which Hfc makes with ds an
element of the path. Hence drawing any surface in the field so
as to form a cap with the circuit as bounding edge, and remem-
bering that by the solenoidal condition fulfilled by the magnetic
induction, the total induction through every such surface is the
same, we have

Now let the surface be taken at right angles to the lines of
induction everywhere. These lines are closed curves round the
conductors, and each threads through one or more of the-
circuits. It is possible to divide up the whole field by successive
surfaces, each having for bounding edge any given circuit, so
that every one of these surfaces shall be everywhere at right
angles to the lines of induction. Every one, if it cut through a
system of closed lines surrounding any one circuit, will pass
through every point of that circuit. . Of course no one of the
closed tubes of induction, which the surface thus cuts through,
contributes anything to the total induction through the surface.

Let then the direction of the closed curve, round which the
integral of H cos 6ds is taken, be everywhere at right angles to
these surfaces, and let B be the value of the induction at any
point where this curve cuts one of these surfaces. Then, if dS
be the area of an element of the surface at that point, the induc-
tion through it is "&dS. Thus we get
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